The metastable ion dissociations of o-, m-, and p-acetylphenyl ions, CH3COC6H4 ῌ (m/z 119), generated upon electron ionization from o-, m-, and p-diacetylbenzenes (CH3COC6H4COCH3, Mw : 162, 1῎3), have been investigated by use of mass-analyzed ion kinetic energy (MIKE) spectrometry in conjunction with thermochemistry. All these m/z 119 ions, which are generated by the consecutive losses of CH3 and CO from 1 ῌῌ ῎3 ῌῌ , dissociate to only the ion at m/z 91 by the loss of CO. These suggest that in the CH3COC6H4 ῌ ions, the CH3 migration from the acetyl group to the benzene ring occurs prior to the loss of CO. The amounts of the kinetic energy release (KER) accompanying with the dissociation of the m/z 119 ions from compounds 1῎3 to m/z 91 ion were larger than those of the corresponding, respective methylbenzoyl ions. In the m-, and p-CH3COC6H4 ῌ ions, the charge migrates from the incipient charge site to the ortho position via the so-called hydrogen "ring-walk." Then CH3 migrates from the acetyl group to the charge site at the ortho position in the benzene ring prior to the loss of CO. A part of the m/z 91 ions from o-, m-, and p-acetylphenyl ions may be generated via the migration of CH3 to the incipient charge site, followed by the loss of CO.
Introduction
It is well known that the loss of carbon monoxide occurs from the molecular ions of b-diketones following methyl migration. 1)῎5) Grutzmacher and Masur 4) have reasonably explained this dissociation by the idea of the ion-neutral complex. 6), 7) However, this type of dissociation is scarcely observed in the mass spectra of the compounds, RC 6 H 4 COX, 8) except for the case of X῍ F. 9) This is due to the extreme stability of substituted benzoyl ions, RC 6 H 4 CO ῌ .
To explain the loss of CO from ῌ C 6 H 4 C(῍O)OCH 3 ion (m/z 135) generated by the consecutive losses of OCH 3 and CO from the molecular ions of dimethyl phthalate, isophthalate, and terephthalate, we have proposed that OCH 3 migrates from the C(῍O)OCH 3 group to the charge site in the ortho position in the benzene ring or to the incipient charge site. 10) The latter migration is initiated via an ion-neutral complex. 6), 7) In the case of isophthalate and terephthalate, it has also been proposed that the charge migrates from the incipient charge site to the ortho position via the so-called hydrogen "ring-walk" 11) prior to the OCH 3 migration. 10) Recently, we observed that acetylphenyl ions, CH 3 In this paper, the unimolecular metastable dissociations of the ions, generated upon electron ionization from the compounds 1῎3, will be described on the basis of mass-analyzed ion kinetic energy (MIKE) spectrometry in conjunction with thermochemistry. Particular attention will focus on confirming whether CH 3 and charge migrations occur or not, prior to the loss of CO from o-, m-, and p-CH 3 COC 6 H 4 ῌ (m/z 119) ions.
Experimental
The standard mass and MIKE spectra were obtained at 70 eV electron energy by using a JEOL JMS HX-100 (EBE) tandem mass spectrometer. The ion accelerating voltage was 5 kV.
Samples 1῎3 and o-, m-, and p-methylacetophenones (CH 3 C 6 H 4 COCH 3 , M w : 134, 4῎6) were research-grade products from Tokyo Kasei Co., Ltd. and were used without further purification. The last three compounds were used as the precursors of the reference ions, which are o-, m-, and p-methylbenzoyl ions, CH 3 C 6 H 4 CO ῌ (m/z 119).
The amounts of kinetic energy release (KER) were calculated from the width of the metastable peaks at half-maximun (T 0.5 value) in the MIKE spectra, after correction for the width of the main beam of the stable ion. 12), 13) Estimated experimental error was ῌ5῎.
The potential energy of the ions and the transition states of the ring-walk were calculated at B3LYP/6῎31 G(2df, p) level. The absolute deviation from the experimental value is 30.9 kJ mol ῍1 .
Results and Discussion
The standard electron ionization mass spectra of 1῎3 were shown in Fig. 1 . These were essentially no di#erent from the reference spectra. 14) In Fig. 1 (a)῎(c), the S. Tajima et al.
῍ 54 ῍ base peak is observed at m/z 147, which is generated by the loss of CH 3 from one of the two acetyl groups in the respective molecular ions. Although the ion CH 3 COC 6 H 4 ῌ (m/z 119), which is generated by the loss of CH 3 CO or (CH 3 ῌCO), is very small in Fig. 1 (a), these ions are clearly observed at m/z 119 in Fig. 1 (a)῎(c), respectively.
A single peak at m/z 147 corresponding to the loss of CH 3 radical characterized the MIKE spectra (not shown) of the molecular ions of 1῎3. The sourcegenerated m/z 147 ions, except for 1, decomposed into only the m/z 119 ion by the loss of CO in the metastable time window. Therefore, the m/z 119 ion, which has the initial structure shown in Scheme 1, will be generated by the consecutive losses of CH 3 and CO from the respective molecular ions. In addition to this reaction, the m/z 147 ions generated from 1 ῌῌ further decompose into three ions at m/z 129, 104, and 91 by the losses of 18 Da, 43 Da, and 56 Da neutral species, respectively, as shown in Fig. 2 . The first can be undoubtedly assigned to the loss of H 2 O. The second and the last will be assigned to the losses of CH 3 CO (or CH 3 ῌCO) and 2CO, respectively.
Although the abundance of the m/z 119 ion generated from 1 ῌῌ . was very small, as described above, it was su$cient to obtain its reliable MIKE spectrum as shown in Fig. 3 
(a). Figures 3(a)῎(c)
show that all the source-generated m/z 119 (CH 3 COC 6 H 4 ῌ ) ions decompose into only the m/z 91 ion by the loss of 28 Da neutral species in the metastable time window. Undoubtedly, these can be assigned to the loss of CO, suggesting that in the CH 3 COC 6 H 4 ῌ ions, the CH 3 migration from the acetyl group to the benzene ring precedes their metastable dissociation. However, the metastable peak widths of the m/z 91 ions in Fig. 3 are di#erent with one another. The amounts of KER estimated from the expanded MIKE spectra for o-, m-, and p-isomers were 10.2, 16.4, and 19.3 kJ mol ῍1 (106, 170, and 200 meV), respectively.
In order to rationalize the loss of CO from the m/z 119 ion, at least CH 3 migration from the acetyl group to the benzene ring must be considered, as described above. If the CH 3 in the m/z 119 ions, generated from 1 ῌῌ ῎3 ῌῌ , migrates from CH 3 CO group to the incipient charge site in the benzene ring, the resultant m/z 119 ions will have the nominal structures as shown in Scheme 2. It is known that in the mass spectra of CH 3 C 6 H 4 COCH 3 , CH 3 radical loss occurs from the acetyl group, not from the benzene ring. 8) Therefore, the m/z 119 ions, generated by the loss of CH 3 from the reference compounds 4῎6, can be regarded to have the nominal structures as shown in Scheme 2, that is o-, m-, and p-methylbenzoyl ions. Figure 4 shows the MIKE spectra of the m/z 119 ions generated from the reference ions, 4 ῌῌ ῎6 ῌῌ . All the source-generated m/z 119 (CH 3 C 6 H 4 CO ῌ ) ions decompose into only the m/z 91 ions by the loss of the 28 Da neutral species in a similar manner as the case of 1 ῌῌ ῎3 ῌῌ . These can be also assigned to the loss of CO. The KER values accompanying with these fragmentations for o-, m-, and p-isomers were 1.4, 1.5, and 1.7 kJ mol ῍1 (15, 16, and 18 meV), respectively. So, the KER values of o-(1 and 4), m-(2 and 5), and p-isomers (3 and 6) are clearly di#erent from each other. It is known that the KER values in corresponding metastable decompositions via ionneutral complex is very small, because this process is initiated by a simple bond cleavage. 6) Consequently, it is unreasonable that all of the CH 3 migrates to the incipient charge sites in the benzene ring via ionneutral complex. 6), 7), 10) In a preliminary report, we have proposed that in the m-and p-ῌ C 6 H 4 (C῍O)OCH 3 ions, the charge migration occurs from the incipient charge sites to the o-position in the benzene ring via hydrogen "ring-walk" 11) prior to the OCH 3 migration. 10) Although the behaviors of OCH 3 and CH 3 are di#erent from each other in organic chemistry, we will propose that in the case of the m/z 119 ions generated from 1 ῌῌ ῎3 ῌῌ , the migrations of charge and CH 3 group also occur in a similar manner as those of charge and OCH 3 in ῌ C 6 H 4 (C῍O)OCH 3 ions. That is, in the case of 2 and 3, the charge migrates from the incipient sites to the o-position of the acetyl group in the benzene ring via hydrogen "ring-walk". 11) Then the CH 3 migrates from the acetyl group to the charge site at o-position and the resultant o-methylbenzoyl ions (m/z 119) decompose into the m/z 91 ions by the The charge and CH 3 migration pathways are shown in Scheme 3. Figure 5 shows the potential energy diagram calculated at B3LYP/6῎31G(2df, p) level for the respective m/z 119 ions and the transition states of charge migration for 1῎3. The symbols in Fig. 5 show the structures in Scheme 3.
As described above, the KER values of CO loss from the m/z 119 ions from compounds 1῎3 are larger than those of o-methylbenzoyl ion. It may be due to the following facts: when the m/z 119 ions from compounds 1῎3 rearrange to o-methylbenzoyl ions, they exceeed the large critical energy of the charge and methyl migrations (see Fig. 5 ). As a result of such migrations, the average of the internal energy of the m/z 119 ions generated from 1 ῌῌ ῎3 ῌῌ which decompose into the m/z 91 ions by the loss of CO, is larger than that of o-methylbenzoyl ion. The charge migration to Although the composite metastable peak could not be observed at the m/z 91 ions in the MIKE spectra of the m/z 119 ions ( Fig. 3) , it cannot be denied that a part of the m/z 91 ions may be generated via other process, for example, migration of the CH 3 to the incipient charge site via ion-neutral complex, followed by the loss of CO. 10) We can conclude that when the charge exists in the o-position of the acetyl group in the benzene ring, the CH 3 migrates to that position very quickly and then the m/z 119 ion decomposes into the m/z 91 ion at once by the loss of CO. Because 2CO losses, corresponding to two sequential CO losses in the same field-free region, are observed in the MIKE spectrum of the m/z 119 ion generated from 1 ῌῌ (see Fig. 2 ). This means that the half-life of the m/z 119 ion generated from 1 ῌῌ is not so long. This is consistent with the experimental result that the m/z 119 ion in the mass spectrum of 1 (Fig. 1(a) ) is very small.
The above results mean that the structure of the main product m/z 91 ions is o-tolyl ion, or a part of the m/z 91 ions is m-or p-tolyl ion, respectively. To confirm these, the MIKE spectra of the m/z 91 ions from 1 ῌῌ ῎6 ῌῌ are measured. All of the m/z 91 ions decompose into only m/z 65 ions by the loss of C 2 H 2 .
The KER values accompanying with these fragmentations were 2.8, 3.1, 3.2, 2.9, 2.8, and 2.9 kJ mol ῍1 (28.6, 31.9, 33.0, 30.5, 29.0, and 29.7 meV), respectively. Consequently, from the MIKE spectra and the KER values, o-, m-, and p-tolyl ions could not be di#erentiated. These m/z 91 ions may rearrange to the common ion, for example, tropylium ion or to the common transition state prior to the decomposition to the m/z 65 ions by the loss of C 2 H 2 .
Conclusions
(1) The loss of CO from the o-, m-, and p-acetylphenyl ions (m/z 119) generated from compounds 1῎3 occur following the methyl migration from acetyl group to the charge site in the ortho position of the benzene ring or to the incipient charge site via an ion῎neutral complex. The KER values accompanying with the loss of CO from the m/z 119 ions from 1῎3 are larger than those from compounds 4῎6. (2) In the m/z 119 ions generated from 2 ῌῌ and 3 ῌῌ , the charge migrates from the incipient charge site to the ortho position to the acetyl group through the so-called hydrogen "ring-walk," and then the methyl group migrates to the ortho, followed by the loss of CO to decompose into the m/z 91 ions. 
